SUMMARY In 100 children with suspected left to right shunts the ratio of pulmonary to systemic flow was measured both by oximetry and first pass radionucide angiography. The pulmonary time activity curve from the radionucide study was analysed by the method of gamma variate fits. There was strong correlation between the two techniques; weaker correlation was found when the shunt was at atrial rather than ventricular level. This difference can be explained only by problems with the oximetric rather than the radionuclide technique. Although there are important limitations to the radionucide method, it is the more precise and less invasive of the two and is to be preferred when the accurate measurement of left to right shunts is required. 
The accurate measurement of left to right shunts is essential in the management of many patients with congenital heart, anomalies. In clinical practice this is usually performed oximetrically during cardiac catheterisation. The oximetric method is known to have major drawbacks, which can lead to substantial errors.' These problems are worst with shunts at atrial level, when a truly representative mixed venous blood sample is impossible to obtain.
Although other techniques, based on the indicator dilution principle, are available, they are not widely used. Estimation of the ratio of pulmonary to systemic flow by first pass radionucide angiography is one such method.2 Previous studies3-5 have shown strong correlation between results from the radionuclide technique and oximetry but they have not correlated the two methods separately for different cardiac malformations. We use radionuclide angiography routinely in children with a variety of congenital heart malformations including those with left to right shunts at both atrial and ventricular level. Here we present results from 100 patients who underwent both first pass radionuclide angiography and cardiac catheterisation.
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Patients and methods
We studied 100 children with suspected simple left to right shunts. Fig. la (scattergram) shows that some points were widely scattered around the regression line. Included in the 100 patients were 16 with no shunt measurable by either technique. The data were then analysed separately for two groups. The first consisted of all patients (52) with a ventricular septal defect and the second of all those with a left to right shunt at atrial level. Patients in the second group included those with atrial septal defects or atrioventricular septal defects and one patient with partial anomalous pulmonary venous connection: 32 patients in all.
The correlation for patients with a ventricular septal defect was strong (r=0.86). The scatter of points was much less than the overall correlation (Fig. lb) .
The correlation for shunts at atrial level was weaker (r=0.64), and this group (group 2) contained all the most widely scattered points (Fig. 1c) . Although the regression equations for the two groups were similar, there was a significant difference between the population variances (F=3.44, p<0.001).
Discussion
Our results confirm the validity of the measurement of the ratio of pulmonary to systemic flow by first pass radionuclide angiography in patients with a simple left to right shunt. The correlation remained strong in ventricular shunts even when those patients with no shunt and those with shunts greater than four to one were not included. The strength of the correlation was not therefore dependent on the two ends of the regression relation being fixed.35 Previous studies have shown a wide scatter between the radionuclide and oximetric methods in atrial septal defects,I101 but the contrast with the much narrower confidence limits in ventricular septal defects has not previously been shown.
The poorer correlation between the oximetric and radionucide measurements and the greater population variance when the shunt was at atrial rather than ventricular level cannot be explained by a failing in the radionuclide technique: no additional assumptions are made when the shunt is at atrial level and the acquisition and analysis are identical to that with ventricular shunts. There are problems, however, with the oximetric technique when there is shunting at atrial level. The mixed venous oxygen saturation cannot be measured directly in the presence of a left to right shunt; it has to be estimated from the saturations in the superior and inferior vena cava. The result is inevitably an approximation. The there is any delay between the taking of blood samples at various sites. There are also inaccuracies in the spectrophotometric measurement of the oxygen saturation of blood; it is recognised to be especially inaccurate above 95% saturation.6 7These problems have been well discussed elsewhere. ' In view of these considerations we believe that first pass radionucide angiography offers the more accurate of the two measurements of the ratio of pulmonary to systemic flow in patients with simple left to right shunts.
Nevertheless, the radionuclide technique has some important limitations. Previous authors have rightly emphasised the importance of ensuring a good quality bolus in every study. 35 We used an injection technique similar to that of Askenazi et al. 3 We, however, preferred the antecubital fossa as the site for venous cannulation and used sedation routinely in the youngest children to ensure that they were calm and in a stable condition during the study. The data must be processed by an experienced operator. As with all curve fitting techniques, unreliable results can easily be obtained by the inexperienced. With meticulous attention to the performance of the study and its analysis, we found that in virtually every case a valid measurement of the pulmonary to systemic flow could be obtained.
There are also some important considerations that make the radionuclide technique invalid in a minority of patients. The left to right shunt is measured as a proportion of the total pulmonary flow, and from this, assuming there is no appreciable right to left shunt, the pulmonary to systemic flow can be calculated. Findings are therefore invalid when shunting is occurring in two directions. A true measure of the pulmonary to systemic flow ratio can be obtained only when there is a pure left to right shunt or when right to left shunting is negligible, as in atrial septal defects.
In patients with no shunt curves can often be fitted that generate a measurement of the pulmonary to systemic flow ratio of 1-2 to 1, or less. This has been noted before, and it has been suggested that it is at least partly due to bronchial arterial and chest wall blood flow.3 It is probably mostly due to the limitations of the curve fitting method and the statistical Superiority of radionuclide over oximetic measurement of kft to right shunts noise present in the data. When the pulmonary time with a persistent ductus arteriosus but is also applicactivity curve is unequivocally normal (Fig 2a) 
